. Vertical phylogenetic opsin tree reconstruction comprising 325 visual rhabdomeric (r-opsins) and closely related melanopsins. Newly curated r-opsins from the J. spinicauda photophore (blue label) and eye (orange label) transcriptomes were aligned with a reference opsin dataset (50, 51) comprising visual opsins across a range of measured spectral sensitivities as well as non-visual opsins and related G-protein coupled receptors (GPCR). The putative spectral sensitivities of the r-opsins clades (SWS = short wavelength sensitive; MWS= mid-wavelength; LWS= long wavelength) were inferred from these reference datasets. The tree is comprised of two well-supported SWS clades (SWS1 and SWS2), two MWS clades (MWS1and MWS2) and two LWS clades, one specific to chelicerates-LWS1 and a second clade comprising all other putative LW opsins (LWS2). Significant triplicate bootstrap support is indicated by red circles (SH-aLRT> 80, aBayes > 0.95 and UFBoot > 95) and significant duplicate bootstrap support is indicated by white circles (SH-aLRT> 80 or UFBoot > 95, and aBayes > 0.95). Fig. 2 -Structural alignment of J. spinicauda r-opsins, recovered from both the eye (E) and photophore (P) transcriptomes, against Bovine rhodopsin (2.8 Å). Putative long-wavelength sensitive (LWS) opsins are labelled in green, mid-wavelength sensitive (MWS) opsins in blue and short-wavelength sensitive, UV-shifted (SWS/UV) opsins in purple. The MWS opsin from the crab Hemigrapsus sanguineus (BCRa) was included for comparison. This opsin has an experimentally determined spectral sensitivity (lmax) of 480 nm (Sakamoto et al. 1996) and appears closely related to the J. spinicauda MWS1 opsins. Alpha (a) helices represent the seven transmembrane domains characteristic of (Bovine) rhodopsin. Bolded residues, shaded gray represent the following conserved domains, motifs and residues (numbered in blue), which are characteristic of invertebrate r-opsins (as described in Katti et al.
. Examples of in situ hybridization sense riboprobes control and immunohistochemistry no-primary controls in maxilliped (whole mount) and pleopod (100 µm thick sections) photophores of J. spinicauda. (A) LWS sense riboprobes exhibit low background and no visible labeling in maxilliped photophores. (B, C) No primary control for Gq protein assay exhibit virtually no background or labeling in the apex of photophores (as in Fig. 3 ). Gq protein assay (magenta) and LWS sense riboprobes (red) are labeled with Cy5; cell nuclei (green) are labeled with diamidino-2-phenylidole (DAPI); tissue autofluorescence is also present (diffuse red and green). Single arrowheads point to apex of individual photocytes containing paracrystalline bodies and double arrowheads point to photocyte nuclei in the distal region of photophores. Individual photocytes are outlined with dashed white line (A,B,C). (di distal, do dorsal, la lateral, c cuticle). Note: Dorsal oriented downward. Refer to Fig 1. for photophore structure and light microscopy images. Supplementary Table 1 . Assembly statistics for tissue-specific (eye and photophore) transcriptomes of Janicella spinicauda. Supplementary Table 2 . TMM (Trimmed Mean of M-values) normalized opsin abundance counts for each tissue type, eye and photophore. The TMM-normalization method uses a weighted trimmed mean of the log expression ratios to estimate scaling factors between samples (Robinson et al. 2010) . Tissue-specific TMM expression was calculated from transcript per million (TPM) abundance estimates generated with Salmon (Patro et al. 2017 ) in order to compare absolute abundance measures between opsin clades. Note-absolute abundance comparisons are restricted to tissue type. 
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